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UNITED STATES PATEï.NT 

This inventi0n :relatë$: to: rïimpr0ved! appara 
tus for crrying 0utctïemial-eactlon,, vherein, 
a- fluid and. a, pärtîulatë solide, treating material 
are continuousl lroug,tïti:int0 intmäteconçact, 
in a generallhelic0itl,l::zolïeo contat*to effect  
a chemical reaction,, e: invention . d:eals, par÷ 
ticularly with n.improvènient.in:,the äpparatus 
discl0sed: in:, copending: application, Serialï. No: 
688,390, flled on',..ugUst: 5, I946 ty.: William. 
Offutt lV£erald C.,Fogle rïd:ttiëpres¢ntinventor,,. 
now U S. Patent« 25i7339. ancl:. ässigned: t' the  
assignee of the présent: alpliCatïon. 
The abovemerït[0ned.. ppllcati0rï::discloses« and 
claims a process and , appaatus:: for effectiig 
chemical reactins, between , a flUid and!- 
fluldized solid particulatè, tre-ting' materiàL in 
which, tle» solïd material i cused:, to.-_...flow, con- 
tinuously ïn alsubstantiall heliel, patH. through  
a reactionz0ne and:a:streamofluïd:is:simulta  
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neously., passed  in  a: substantiall helical path  20 helicbil: nearést.: tlie:, observer.- appear: to more . 
through said:.rêaction:, zone«and:, in, contat with from= rigllt' t0: le, and the « inlet, is:-: disposed' 
said treating: mterial Spëciflcatly, ïpreferred- tlle: ]ft. end/and.the outlet'at, the rigtit Agair/:. 
apparatus, disclosed  in said- prior application undér the snl:conditions:of observationAf the' 
comprises, a generally: cylindrical= shelt- or: vesse.l: helïcoid4::irl:.ttle:form off alfhand scrw: and= 
which: is motmted for rotation, aboutïAts:, loni- ., 2, aplear: to rOtaë, couritërclockwisë,, thelï:: tlie-. 
tudinal axis,, and which is. interiorly provided wliOrlS, appea tomoe groin legt toi  
with a helicoidï the. peripherF Off. which is. con ttlëinletl i_ diSpOsed at tlle rIght end: and the: 
tiguous or attached» to, the- limer walt. suraces: outlt:gtttilef. 
of the vessel, the wholerotating as»a»unitand Asfllrtlïer:dlscloeeClïinsaid.prorapplic¢i0ri, 
without reIativa movementbetween:the sheILo,  30 it, iS: adwïritage:ous to prOVidë': a centralcor or 
vessel, and the helicoid Means are provided» slftcOaXillF disposed;wtttlin:t2irotgting:.,ves. 
for introducing-, a. stream, o£ fluid:at..one end«o- sel BF  naiaS  o sùch, a; c0rsîmximunl, uni. 
the cFlindrical vessel and.for removngAtfrom forrïlitFof. ¢OntCt btwêen..tlïfluid: and 
the other end OE, the vessel« the.disposition  of; ticulate treating agent can be secured.. Thesizë 
the fluidAnlst and. ourlet,, respectivelF0, dependk 35., of.tli corerélative:ti3» ttie,size: oçthevessei,m.ay 
ing upon whether, it, is..dèsired to pass the lîuid, be varid! over: a: wid,rangëi and« in generai: it 
through the vesseLih a.-directi0n concurrent«vitlï is desirall. o emDlby; C corë tiving a. cross- 
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 sposed, veSsel:havlng:.iïpvclpal ax  orml 
to. the ,.lie of vion: o an ï oseer, ff- the. hell 
coid is in:. the:,fo o:oe,rlght-hand scvew and: 
appears:: ; roçate: clkwRe when vewed from' 
5: the:en :at: th»ght: of: the:osevver;, thewhovls . 
of the: helicid: nearest the observer: fll appear 
fo tvavel, from.,thele[..therigh o:theobsèrvëv. 
In:suchcase the=inlC.v::treatig ageis:dis- 
poséd  at:,the .ight :end o[ the:veelç aoEheH¢oid 
10 and th:outlet: is disp0ged at,:th le£t. Under 
the.- säë oenditions0- obserVtionï ff the heli- 
co[d: is in the: fom: o If . vït-hand scr and:  
appears: to votae counterclockwe,, then he 
let  woul be sposedç  OEe: ]et  end and 
16 :outlet at: the right« bae the whorls  o the: 
hëliCvid: ten  äPper:toove:oErOm: ght.: fo lé[t.: Undë the. samë conionso[?observatio;: th 
heliCoiiS:i  thC¤ÙmÙf` a-: lè, fthnd: screw« 
appearg  Votaë . cloCkWe, the whor of trie 

or countercuxrent to .tle .diiection. of? ts, nsp0rt: 
of the particulïte treatïg, agent::ttirougtl, ttïe 
vessel, 1Vfeans are ïlgo. provided fbr tiltroducing 
a solid' partiCulate tretirg'.agent' into one  end'. 
of ttle vesseI and' for removing.i ittrom ttie op- 
posité end Of- the vessl. Thëinlet and  Outle 
for the prttculate treatiig: ggett  arë: dispseoE' 
at such ' ends' of" the' vessel with  respect to, tl'/e.. 
helicoid  and the diectibn of  rotïtion- of tlë" 
vessel, i: e:; clckwise oric0unterClockwise, that ' 
upon" rotation of the vessel' andtle'helicoid': ttië 
whorls of ttie helicoidwfll(lïaVe ' an apprCt 
direction  of- movement away flore  the. ourlet 50 
means and' toward- the' inlet meanS: Ttie  pr 
ticulate'treaing agent  is ttien=movedr.SF ttïë.rO 
tating vessel througtï" ttie- vessel : in"  direction' 
oppositê t0.- tte « apparent  dirCti6r of: movenïeiit - 
oi  the  tielicold] 

ance with the prior applicin}' ttie,parttbulate . 
treating' matr-iC» flls .b gravit. - iii the  space 
witlïii"the:vësselbetveeiïttie: inlt; end and ttle  
r"eXamil; in ' a: tiorizontïlly ' 55  flrst whorl of the helic0id:! ïhcëtlïë apPïent: 
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direction oï motion oï. the helicoid is toward 
the inlet end, this results in a piling up oï the 
particulate material in the said space until suffi= 
cient has accumulated to pass over the axis 
the helicoid or the cote, if a cote is provided, 
and thence into the space between the fil'st and 
second whorls, and this action continues until, 
ultimately, particulate material has traveled 
through the complete path defined by the heli- 
coid and leaves the apparatus by the outlet open- 
ing at the opposite end of the reaction vessel. 
The rate at which solid particulate treating 
terial passes through the vessel normally varies 
over a wide range, depending on the loading, 
the pitch of the helicoid, tha peed of rotation 
and other factors described in the prior 
plication. 
In normal operation, an unrestricted supply 
oï solid particuiate treating agent is provided 
at the inlet end, and the outlet rate at the oppo- 
site end of. the vessel is maintained at the desired 
value, as by a valve mechanism or the like. 
Since,. ïor reasons of practical construction, the 
inlet opening for particuiate treating material 
is appreciably smaller than the diameter of the 
vessel itself, the rate oï ïeeding oï the solid ma= 
terial tends tobe restricted by the solids already 
in the vessel. This restricted action results ïrom 
the ïaCt.that the solids can only more away from 
the inlet end by accumulating to a depth suffi= 
cient to cause a part oï them to roll over tl]e 
center axis or cote and thus become defiected 
by the helicoidal member toward the ourlet end. 
Before the solids accumuiate, to this required 
depth adjacent the inlet opening, they neces= 
sarfly roll back upon themselves and partly block 
the inlet opening, thus reducing its capacity fo 
ïeed more solids to the vessel. Under many con= 
ditions oï operation, this blocking, action may be 
great enough to restrict the average capacity of 
the inlet port to a value lower than the desired 
throughput oï the case. The inlet port, rather 
than the outlet port, or the valve associated with 
the latter, then restricts the particulate solids 
capacity oï he. apparatus, and as a result the 
loading drops down ïrom the desired high value 
to one which may approach 50 per cent. Such 
a situation will obviously often be undesirable. 
Itis a principal object of the present invention 
to provide a means by which the rate of admis- 
sion oï solid treating material to apparatus of 
this type. is rendered substantially independent 
oï the limiting ïactor discussed in the preceding 
paragraph. 
Another. object of the invention is to provide 
a treatment apparatus of this general character 
in which the admission oï solid treating materials 
wfll be expedited, but without the necessity of 
enlarging the size oï the inlet port. 
A further object oï the invention is to modify 
the design of chemical treatment apparatus fo 
accomplish the above ends, with a minimum of 
mechanical modification and alteration, and 
without unduiy increasing the size, complexity 
or cost oî such equipment. 
The above and other objects, and the manner 
in which they are accomplished, will best be un- 
derstood by reïerence to the following detailed 
specification of certain prefered embodimens 
of the invention, taken in connection with the 
accompanying drawings forming a part hereof 
and in which drawings: 
Fig. 1 is a sidè elevation, with parts broken 
away and partly in section, of a preferred em= 
bodiment of the .invention.; 

4 
Fig. 2 is a sectional view taken on line 22 of 
Fig. 1; 
Fig. 3 is a perspective view, with parts omitted 
ïor clarity and parts broken away, of a second 
5 embodiment of the invention; 
Fig. 4 is a ïragmentary elevational view, partly 
in section, oï another modification; 
Fig. 5 is a side view thereof, and 
Fig. 6 is a plan view of the saine modification. 
Reïerring now fo Figs. 1 and 2 of the draw- 
ings, there is illustrated a treatment apparatus 
oï the kind described in detail in the copending 
application reïerred to above, adapted to effect 
contact between fluids and nely divided or gran- 
ular solid catalyst or other solid particulate 
reating agent or material with continuous flow 
of the fluid and p.articulate treating material. 
AS stiown in the drawings, the apparatus com- 
prises a vessel or shell  oï generally cylindrical 
20 configuration, disposed with its principal axis 
in a horizontal plane and having end closure 
members ! ! and . The vessel (1 is, in the in= 
stance shown, interiorly provided with a coax- 
ially disposed cote , which may be either hol- 
2 low or solid, and which extends throughout the 
major portion of the length of the vessel ! (1. The : 
cote ! is mounted upon extensions or shaft 
members ! and. ! which are suitably sup- 
ported in berings !. and ! located in bearing 
housings ! and !, respectively. In the annu= 
lar space between the cote ! and the casing ! 
there is mounted on the core a helicoid !], the 
periphery oï which is contiguous to and inte- 
grally attached to the interior wall surfaces of 
the vessel ! . The vessel ! 0, cote ! 3, shaft mem= 
bers !4 and !4, and helicoid !] rotate as a unit. 
The vessel or shell ! is located within a sta- 
tionary outer casing  of cylindrical conflgura= 
tion. As disclosed in the prior copending appli- 
40. cation hereinab0ve identified, in many cases it 
is desirable or advantageous fo provide for pass= 
in. a fluid heat=controlling medium such as 
water, off, air, steam or the like into or through 
the space between the rotating vessel ! and the 
45 stationary outer casing 18, whereby the tempera= 
ture within the vessel ! may be regulated. The 
purpose may be either to supply or remove heat. 
The outer casing !8 is provided at one end with 
a closure member 9 to which is integrally at- 
50 tached a conduit  adapted to serve as a means 
for feeding particulate treating agent into the 
interior oï the inner shell or vessel !. A con- 
duit 2!, terminating in the conduit 2, is pro- 
vided ïor the removal (or introduction, as the 
55 case may be) oï fluids, such as vaporized or gase- 
ous hydrocarbons, for example. The bearing 
housing ! at this end of the apparatus may, as 
shown, be integrally connected to the conduit . 
At the opposite end oï the apparatus, the outer 
0 
casing ! is provided with a fiange 2 which 
is secured by bolts or other suitable fastening 
devices 26 to an end or closure member 2, to 
which is attached a conduit 28 terminating co- 
5 axially with the vessel ! in or near the plane of 
the end member !2 and providing an ourlet port 
for treating agent from the vessel ! . The bear- 
ing housing !@ supporting the shaft member 
! at this end oï the apparatus is conveniently 
70 integrally attached to the conduit 28, and the 
latter is also provided with an intercommunicat- 
ing conduit 29 serving to introduce fluid into the 
interior oï the rotating vessel ! (or, as the case 
may be, to remove such fluid ïrom the vessel !). 
75 The conduit 28 is also provided with a valve  
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for regulating the= flow, of. teating gent The 
right-hand end of helicoid 17 as seen in :Fig. 1 
of the drawings, is spaced a shozt distance from 
the conduit 28 in. ortier fo prevent if from inter- 
fering with the movement of the particulate 
treating agent out of the interior of the vessel 
(0. The left-hand end of helicoid 17, however, 
terminates a sufficient distance inside of the end 
plate   to accommodate the- improvement 
the present invention, which in the present case 
is a shield comprising a set of four broad-bladed 
propeller-type fins 32 secured fo sliaft 4, suc- 
cessive blades being spaced af substantially 90 
degree angles to one another. The projected 
width of these blades or fins, as shown in Fig. 2 
of. thedrawings, ispreferably only slightly greater 
than the diameter oï the inlet port from conduit 
2{}, and the pitch of the blades is marie relatively 
small so that they do hot occupy too large a por- 
tion of the vessel. As shown in Fig. 1, the slope 
of the fins or blades is in the same direction as 
that of the helicoid . 
In operation, rotation of shaft 4, a rotates 
the helicoid  in the direction of the arrows in 
Fig. 1, and the blades or fins 3 rotate in the saine 
sense therewith. Solids entering via conduit 2{} 
build up in vessel 18 about the blades 32 to a 
depth sufficient fo permit them to roll over the 
shaft carrying the fins 3, which thon defiect 
such so]ids away from the inlet opening, permit- 
ting more solids to enter by gravity. In other 
words, the b]ades 32 deflect the solids contin- 
uously away from the inlet port as they roll over 
the shaft so that the amount of solids allowed fo 
enter is not restricted by the solids already in 
the vessel. Whfle the device just described is 
provided with four blades, it is apparent that 
the saine result can be achieved with more or 
fewer blades arranged in various ways, so long 
as the assembly operates fo direct incoming solids 
away from the inlet port. 
Fig. 3 of the drawings fllustrates diagrammati- 
cally a second orm oï the invention, comprising 
a stationary shield 3 flxedly secured about the 
periphery of the inlet port of the solids conduit 
2{}. The lower forward edge of shield 3 is in- 
clined as at 3B in the saine direction as the pitch 
of the helicoid with which if ls used, and whfle 
this form of the invention does hot impart any 
forward motion fo particles entering through 
the port, it does prevent such particles from roll- 
ing directly across the inlet opening and block- 
ing the passage of more material into the vessel. 
In Figs. 4 fo 6 of the drawing there are shown 
three views of another stationary type of shield 
similar in application and position fo the one 
shown in Fig. 3. In this instance, however, the 
shield 38, which is fixedly secured about the 
riphery of the inlet port, is inclined fo the direc- 
tion oï the axis of the helicoid, and this sloping 
surface imparts some forward motion to the solid 
particles as they roll down across it. 
As in the above-identified copending applica- 
tion, the apparatus of this invention is useful 
for a wide variety of chemical reactions wherein 
a fluid is contacted with a solid particulate treat- 
ing agent. These include various hydrocarbon 
treatments, such as cracking, coking, desulfuriza- 
tion, hydrogenation, dehydrogenation, polymeri- 
zation, isomerization, etc. of hydrocarbons, as well 
as chemical syntheses. The apparatus of the in- 
vention achieves uniform, intimate and efficient 
contact between the solid treating agent and the 
fiuid fo be treated, and at the saine rime mini- 
mizes grinding and pulverizing of the solid treat- 

ing agent and. v¢ear.: and,. abrasion, of"the appara- 
tus: 
Whfle there havebeen.disclosed: herein certain 
exemplary embodiments.of.  the invention which 
5 bave been ïound, satisfactoryin: solv.ing the prob- 
lem»it iS apparentthat-many ortier arrangements 
may be devised t0 providé for- incieasing the de- 
gree of loading of. tlie vessel {} in the presence 
oï an inlet port of smallez diameter ttan that 
10 oï the vessel itself, by- reducing the tendency 
of the solids already in the vessel to block the 
ingress, of additi0nal' solids due. to their rolling 
in front of said inle port, and all such arrange- 
ments as. fall w.ithin ttie scope oï: the appended 
15. claires, are considered a- part of this invention. 
What I claire is: 
1. Apparatus for effecting.a..chemiCal reaction 
wherein a fluid is treated with a solid particulate 
treating agent, comprising: a closed cylindrical 
20 shell; a helicoid coaxially disposed within said 
shell and attached at its periphery fo the inner 
wall of said shell; means for rotating said shell 
and helicoid as a unit about their common prin- 
cipal axes; inlet means for introducing said 
25 treating agent at one end of Said shell, said inlet 
means being so positioned with respect fo the 
helicoid that upon rotation of said shell and 
helicoid, the helicoid will have an apparent 
longitudinal movement along ifs principal axis 
30 toward said inlet means; ourlet means for with- 
drawing treating agent disposed af the opposite 
end of said shell from said inlet means; means 
for introducing fluid af one end of said shell and 
for withdrawing treated fiuid at the other end; 
35 and a shield member mounted within said shell 
between said inlet means and said helicoid, with 
at least a portion of said shield member lying 
above the axis of rotation of said helicoid and 
having a width substantially coextensive with the 
40 diameter of said inlet means, said shield member 
preventing the particulate treating agent lying 
within said shell from rolling across the inlet 
means and blocking the passage of more particu- 
late treating agent into said shell. 
45 2. Apparatus in accordance with claire 1 in 
which said shield member comprises a shield 
element fixedly secured about said inlet means. 
3. Apparatus in accordance with claire 1 in 
which said shield member comprises a set of 
5O propeller-type fins arranged for rotation with 
said shell and said helicoid as a unit. 
4. Apparatus in accordance with claire 1 in 
which the shield member is provided with at least 
one surface inclined fo the direction of the axis 
55 of rotation of said helicoid. 
5. Apparatus for effecting chemical reactions 
wherein a fluid is treated with a solid particulate 
treating agent, comprising: a closed cylindrical 
shell; a cote member coaxially disposed within 
60 said shell; a helicoid coaxially disposed within 
said shell, attached at ifs periphery fo the inner 
wall of said shell and mounted on said cote more- 
ber; means for rotating said shell, core member 
and helicoid as a unit about their common axes; 
65 means deflning an inlet port for introducing said 
treating agent af one end of said shell, said port 
deflning means being so disposed with reference 
to the helicoid that upon rotation of the latter, 
the helicoid will bave an apparent longitudinal 
70 movement along ifs principal axis toward said 
inlet port; a solid particulate material directing 
element positioned adjacent said inlet port and 
within said shell, with at least a portion of said 
solid particulate material directing element lying 
 above the axis of rotation of said helicoid and 
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having a width substantially coextensive with the 
diameter of said inlet port, said solid particulate 
material directing element preventing the par- 
ticulate treating agent lying within said shell 
from rolling across the inlet port and blocking 
the passage of more particulate treating agent 
into said shell; and means for withdrawing treat- 
ing agent from that end of said shell opposite fo 
said directing element. 
6. Apparatus in accordance with claim 5 in 
which said directing element comprises a shield 
element fixedly secured about said inlet port. 
EE. Apparatus in accordance with claire 5 in 
which said directing element comprises bladed 
propeller-type fins flxedly secured for rotation 
with said shell and said helicoid and arranged to 
sweep across sald port. 

8 
8. Apparatus in accordance with claim 5 in 
which said directing element is provided with 
at least one surface incltned fo the direction of 
the axis of rotation of said helicoid. 
5 
IALPH W. HELWIG. 
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